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Overview 

•  STAR physics Program  
•  Requirements for HFT vertex detector 
•  HFT technical overview 
•  Collaboration and Project Status 
•  Examples of expected performance. 
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STAR detector 
STAR is an existing detector that has operated for 11 years at 
RHIC 
HFT is an upgrade to the inner tracking system of STAR 
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STAR Physics Focus  
1)	
  At	
  200	
  GeV	
  top	
  energy	
  
	
  	
  	
  	
  	
  -­‐	
  Study	
  medium	
  proper5es,	
  EoS	
  
	
  	
  	
  	
  	
  -­‐	
  pQCD	
  in	
  hot	
  and	
  dense	
  medium	
  
	
  

2)	
  RHIC	
  beam	
  energy	
  scan	
  
	
  	
  	
  	
  	
  	
  -­‐	
  Search	
  for	
  the	
  QCD	
  cri5cal	
  point	
  
	
  	
  	
  	
  	
  	
  -­‐	
  Chiral	
  symmetry	
  restora;on	
  

	
  	
  	
  Spin	
  program	
  
	
  	
  	
  	
  	
  	
  	
  -­‐	
  Study	
  proton	
  intrinsic	
  proper5es	
  

	
  Forward	
  program	
  
	
  	
  	
  	
  -­‐	
  Study	
  low-­‐x	
  proper;es,	
  search	
  for	
  CGC	
  
	
  	
  	
  	
  -­‐	
  Study	
  elas;c	
  (inelas;c)	
  processes	
  (pp2pp)	
  
	
  	
  	
  	
  -­‐	
  Inves;gate	
  gluonic	
  exchanges	
  

St.Odile	
  September	
  7,	
  2011	
   4	
  



Partonic Energy Loss at RHIC 

Central	
  Au+Au	
  collisions:	
  light	
  quark	
  hadrons	
  and	
  the	
  away-­‐side	
  jet	
  in	
  back-­‐to-­‐back	
  
‘jets’	
  are	
  suppressed.	
  Different	
  for	
  p+p	
  and	
  d+Au	
  collisions.	
  	
  

	
  Energy	
  density	
  at	
  RHIC:	
  ε	
  	
  >	
  5	
  GeV/fm3	
  ~	
  30ε0	
  

	
  

	
  Explore	
  pQCD	
  in	
  hot/dense	
  medium:	
  heavy,	
  early	
  produc5on	
  c,b	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  RAA(c,b)	
  measurements	
  are	
  needed!	
  

STAR:	
  Nucl.	
  Phys.	
  A757,	
  102(2005).	
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 Low pT (≤ 2 GeV/c):	
  hydrodynamic	
  mass	
  ordering 
 High pT	
  (>	
  2	
  GeV/c):	
  number	
  of	
  quarks	
  ordering	
  
	
  

	
  	
  =>	
  Collec5vity	
  developed	
  at	
  partonic	
  stage!	
  
	
  	
  =>	
  De-­‐confinement	
  in	
  Au+Au	
  collisions	
  at	
  RHIC!	
  
	
  	
  	
  	
  	
  	
  How	
  about	
  the	
  heavy	
  flavor	
  quarks	
  at	
  RHIC?	
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Partonic Collectivity at RHIC 

STAR:	
  preliminary	
  
QM	
  0907.2265	
  

PHENIX:	
  nucl-­‐ex/0604011	
  

Q
M
09:	
  arXiv	
  0907.2265	
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Heavy Quark Energy Loss 

1)	
  Non-­‐photonic	
  
electrons	
  decayed	
  
from	
  	
  -­‐	
  charm	
  and	
  
beauty	
  hadrons	
  
	
  
2)	
  At	
  pT	
  ≥	
  6	
  GeV/c,	
  
	
  
RAA(n.p.e.)	
  ~	
  RAA(h±)!	
  
	
  
contradicts	
  to	
  naïve	
  	
  
pQCD	
  predic;ons	
  
	
  	
  

STAR: Phys. Rev. Lett, 98, 192301(2007). 
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Surprising	
  results	
  -­‐	
  	
  
	
  -­‐	
  challenge	
  our	
  understanding	
  of	
  the	
  energy	
  loss	
  mechanism	
  
	
  -­‐	
  force	
  us	
  to	
  Re-­‐think	
  about	
  the	
  collisional	
  energy	
  loss	
  
	
  -­‐	
  Requires	
  direct	
  measurements	
  of	
  c-­‐	
  and	
  b-­‐hadrons.	
  



Measurements Requirements 

Heavy Ion 
heavy-quark hadron v2 -  
the heavy-quark collectivity 

- Low material budget for 
high reconstruction 
efficiency 
-  pT coverage ≥ 0.5 GeV/c 
-  Mid-rapidity  
-  High counting rate 

heavy-quark hadron RAA -  
the heavy-quark energy 
loss 

-  High pT coverage  
  ~ 10 GeV/c 

p+p 

energy and spin 
dependence of the heavy-
quark production 

 - pT coverage ≥ 0.5 GeV/c 

gluon distribution with 
heavy quarks 

- Wide rapidity and pT 
coverage 

Requirement for the HFT 

Thin	
  and	
  large	
  acceptance	
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Properties of heavy quark mesons 

St.Odile	
  September	
  7,	
  2011	
   9	
  

!

Determine DCA of pair 
vertex relative to event 
vertex with high 
resolution (~45µm)  ~150	
  µm	
  



Thinness Criteria 
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  Howard	
  W.	
  

This	
  requires	
  good	
  and	
  stable	
  posi;oning	
  and	
  
Intrinsic	
  resolu;on.	
  



HFT Technical Overview 
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Cross section View 

Outside-in tracking with graded 
resolution determines the 
requirements for the detector 
subsystems. 
Important consideration for overall 
system integration.  
The limited TPC pointing 
resolution establish the need for 
intermediate Si-layers.  
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 50 cm
 

Beampipe  
SSD 

IST 

Pixel 
Detector 

TPC	
   SSD	
   IST	
   PXL	
  ~1mm	
   ~300µm	
   ~250µm	
   vertex	
  



Event Characteristics  

•  Particle densities per event 
•  Event, Pile-up QED electrons 
•  RHIC luminosity 200 GeV Au  50 1026 cm-2s-1 
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Mechanical Requirements 
1.  Minimize multiple coulomb scattering, particularly at the inner 

layer 
2.  Locate the inner layer as close to the interaction region as 

possible 
3.  Allow rapid detector replacement 
4.  Provide complete spatial mapping of the PXL from the 

beginning 
•  Rapid detector replacement, is motivated by the recognition of 

difficulties encountered in previous experiments with unexpected 
detector failures.  Also motivated by the need to replace 
detectors that may be radiation damaged by operating so close 
to the beam.  

•  The fourth goal, complete spatial mapping, is important to 
achieve physics results in a timely fashion.  Know at installation, 
where each pixel is located with respect to each other to within 
20 microns and to maintain the positions while installed in STAR. 

St.Odile	
  September	
  7,	
  2011	
   14	
  



Radiation Levels 

•  Radiation field in krad in the center of STAR 
extrapolated to RHIC II luminosities for different 
radial positions for 12 weeks of run time for the radii 
of PXL layer 1, the IST, and the SSD. 
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PXL	
  	
  

IST	
  IST	
  

SSD	
  



PXL Sensor requirements 

•  Thin with X < 0.4% x0 per layer 
•  Fine segmentation  σ < 20 micron 
•  Radiation tolerant < 300kRad per year 
•  Low noise, high efficiency 
•  Readout speed of ~1 kHz (match TPC) 
•  < 200 µsec sampling time. 
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Poin;ng	
  resolu;on	
  in	
  r-­‐φ	
  

Poin;ng	
  resolu;on	
  is	
  crucial	
  to	
  dis;nguish/measure	
  displaced	
  vertex	
  

Points	
  :	
  full	
  GEANT	
  simula;on	
  :	
  detector	
  geometry+	
  STAR	
  tracking	
  

Line	
  	
  	
  	
  	
  :	
  hand	
  calcula;on	
  :	
  MCS	
  +	
  hit	
  resolu;on	
  

<~40	
  µm	
  

0.52%	
  
0.37%	
  



HFT Technical Overview 
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Mechanical support with kinematic mounts 
(insertion side) 
carbon fiber sector tubes (~ 200µm thick) 
Insertion from one side 

2 layers 
5 sectors / half  
4 ladders/sector 
 

Details in talks by H.Wieman, 
L.Greiner and M.Szelezniak  
during this meeting. 

Pixel Detector (PXL) 
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End	
  view	
  
8	
  cm	
  radius	
  

2.5	
  cm	
  radius	
  



Test  Setup 

St.Odile	
  September	
  7,	
  2011	
   20	
  

Two	
  sector	
  only	
  shown	
  in	
  sector	
  holder.	
  



PXL	
  Detector	
  Design	
  

MAPS
RDO
buffers/
drivers

4-layer kapton cable with aluminium tracesAluminum	
  conductor	
  Ladder	
  Flex	
  Cable	
  

Ladder	
  with	
  10	
  MAPS	
  sensors	
  (~	
  
2×2	
  cm	
  each)	
  

carbon	
  fibre	
  sector	
  tubes	
  (~	
  200µm	
  
thick)	
  

20	
  cm	
  
The	
  Ladders	
  will	
  be	
  instrumented	
  with	
  
Monolithic	
  Ac;ve	
  Pixel	
  Sensors	
  thinned	
  down	
  
to	
  50	
  micron	
  Si	
  
The	
  IPHC	
  designed	
  sensor	
  will	
  use	
  a	
  400	
  
ohm*cm	
  epitaxial	
  layer	
  as	
  the	
  default	
  
configura;on.	
  



Sensor Specification 

•  Phase-1 will be used in upcoming beam tests at CERN 
•  The first prototype final sensors (ultimate) have been 

received and are being  tested and characterized of 
these prototypes. 
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RDO System Design – Physical Layout 

1-­‐2	
  m	
  
Low	
  mass	
  twisted	
  pair	
  

6	
  m	
  -­‐	
  twisted	
  pair	
  

Sensors	
  /	
  Ladders	
  /	
  Sectors	
  
(interac;on	
  point)	
  

LU	
  Protected	
  Regulators,	
  
Mass	
  cable	
  termina;on	
  

RDO	
  Boards	
  

DAQ	
  PCs	
  (Low	
  Rad	
  Area)	
  

DAQ	
  Room	
  

Power	
  
Supplies	
  

Platorm	
   30	
  m	
  

100	
  m	
  -­‐	
  Fiber	
  op;c	
  
30	
  m	
  Control	
  

	
  PCs	
  

30	
  m	
  



Intermediate Silicon Tracker (IST) 

•  Intermediate tracking layer with good r-phi resolution 250µm 
•  Conventional Si pad  detector using CMS APV chip for ladders 
•  Readout system copy of just completed FGT detector system 
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24	
  ladders	
  50	
  cm	
  long	
  at	
  14	
  
cm	
  radius	
  



IST Characteristics 

St.Odile	
  September	
  7,	
  2011	
   25	
  

!

•  Liquid	
  cooling	
  
•  Carbon	
  Fiber	
  ladder	
  
•  APD	
  chips	
  flex	
  hybrid	
  cable	
  
•  <1.5%	
  Xo	
  	
  
•  Fast	
  detector	
  



Silicon Strip Detector (SSD) 
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44
	
  c
m
	
  



SSD  
•  Instrument 20 of the existing SSD ladders with new 

readout electronics compatible with STAR TPC readout 
•  SSD to be installed on the Outer Support Cylinder at 20 

cm 
•  Provide cabling and  
cooling compatible with 
the IDS structure and FGT 
•  Upgraded cooling system  

27	
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MSC	
  
Pixel	
  Inser;on	
  Tube	
  
Pixel	
  Support	
  Tube	
  

IDS	
  
East	
  Support	
  Cylinder	
  
Outer	
  Support	
  Cylinder	
  
West	
  Support	
  Cylinder	
  

Shrouds	
  

Inner Detector Support (IDS) 

St.Odile	
  September	
  7,	
  2011	
   28	
  

Carbon	
  Fiber	
  Structures	
  provide	
  support	
  
For	
  3	
  inner	
  detector	
  systems	
  
All	
  systems	
  highly	
  integrated	
  into	
  IDS	
  



Carbon Fiber Cylinders 
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Outer	
  supports	
  will	
  be	
  installed	
  for	
  
the	
  upcoming	
  run	
  at	
  RHIC	
  



Project History 
•  2003 and later - R&D 

•  2005 - The Inner vertex tracking upgrade identified as a critical 
component soon after the start of RHIC and developed into 
proposal and R&D projects within STAR. Reviewed by BNL 
Detector Advisory Committee and included in the RHIC detector 
upgrade mid-term plan 

•  2007 – Reviewed by BNL Technical Advisory Committee 

•  2008 – pre-CD-0 review 

•  2009 – CD-0 approval 
     – pre-CD-1 review 

•  2010 – CD-1 approval – received initial funding for design and 
prototyping. 

•  2011 – CD2/3 review July 13-14. 
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Project Status 

•  Scheduled to received final approval and funding 
following successful CD2/3 review 

•  Goal to complete fabrication and assembly in 
two years for first data taking in beginning of 
2014 

•  A PXL prototype with iltimate sensors and Cu 
cable with 3 sectors instrumented is planned for 
data taking in STAR in early 2013 

•  Total cost ~17.5 M$.  
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Collaboration and Responsibilities 

•  BNL 
–  Project management, integration, safety, SSD electronic upgrade 

•  LBNL 
–  PXL detector, PXL readout, Global support, SSD, integration, 

management,  
•  MIT 

–  IST detector 
•  IPHC 

–  Sensor development 
•  SUBATECH 

–  Engineering for SSD readout 
•  UT-A 

–  PXL readout, PXL telescope beam test 
•  Kent State, UCLA, Purdue, NPI, CTU, USTC, LBNL, BNL 

-  Software development as part of calibration, offline needs. 
-  STAR collaboration 
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PHYSICS PERFORMANCE 
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1.Performance	
  example	
  on	
  the	
  D0	
  →	
  Kπ	
  

  

• Simula;on	
  of	
  Au+Au@200GeV	
  Hijing	
  
events	
  with	
  STAR	
  tracking	
  soyware	
  
including	
  pixel	
  pileup	
  (RHIC-­‐II	
  
luminosity)	
  extrapolated	
  to	
  500	
  M	
  
events.	
  

•  	
  Iden;fica;on	
  done	
  via	
  topological	
  
cuts	
  and	
  PID	
  using	
  Time	
  Of	
  Flight	
  

Reconstruc;on	
  
Done	
  to	
  very	
  low	
  Pt	
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2.	
  Physics	
  projec;ons	
  

•  Can	
  disentangle/discriminate	
  models	
  where	
  
charm	
  quarks	
  flow	
  or	
  not.	
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3.	
  Baryon	
  to	
  meson	
  ra;o	
  via	
  	
  Λc	
  reconstruc;on	
  	
  

•  Lowest	
  mass	
  charm	
  baryon	
  ;	
  ra;o	
  of	
  Λc(→pKπ)	
  to	
  D0	
  
•  Test	
  in	
  the	
  heavy	
  quark	
  sector	
  the	
  baryon	
  to	
  meson	
  ra;o.	
  
•  Quark	
  coalescence	
  model.	
  

J.	
  Kapitan,	
  Eur.	
  Phys.	
  J.	
  C	
  62	
  (2009)	
  217-­‐221	
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4.	
  Other	
  Charmed	
  hadrons	
  

par;cle	
   Daughters(BR)	
   cτ	
  [µm]	
   Mass	
  [GeV/c2]	
  
D0	
   Kπ(3.9%)	
   123	
   1.864	
  

D+/-­‐	
   Kππ	
  (9.2%)	
   311	
   1.869	
  

Ds	
   KKπ	
  (5.5%)	
   149	
   1.968	
  

D*+	
   D0	
  π	
  (67.7%)	
   X	
   2.01	
  

Λc	
   pKπ(5.0%)	
   60	
   2.28	
  



  Projected Run Plan 

•  1) First run with HFT:  200 GeV Au+Au 
 ➱ v2 and RCP with 1,000M M.B. collisions 
2) Second run with HFT: 200 GeV p+p 
   ➱ RAA   
3) Third run with HFT: 200 GeV Au+Au   
   ➱ Centrality dependence of v2 and RAA 

   ➱ Charm background for di-electron 
          measurements 
   ➱ ΛC baryon with sufficient statistics 
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Summary 

•  The STAR HFT upgrade with the ultra-thin PXL 
vertex well underway for the future program with 
heavy quarks at RHIC. 

•  Extensive prototyping nearly complete. 
•  Thinned MAPS and air cooling key to very small 

radiation length budget. 
•  Novel rapid insertion mechanism allows for 

dealing effectively with failures and radiation 
damage to MAPS. 
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Charm Cross Sections at RHIC 

1)  Large	
  systema;c	
  uncertain;es	
  in	
  the	
  measurements	
  
2)  Direct	
  topologically	
  reconstructed	
  measurements	
  for	
  c-­‐	
  and	
  

b-­‐hadrons	
  are	
  needed	
  	
  ➯	
  HFT	
  Upgrade	
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Decay	
  e	
  pT	
  vs.	
  B-­‐	
  and	
  C-­‐hadron	
  pT	
  

Key:	
  Directly	
  reconstructed	
  heavy	
  quark	
  hadrons!	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pythia	
  calcula;on	
  	
  	
  	
  Xin	
  Dong,	
  USTC	
  October	
  2005	
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Silicon Strip Detector (SSD) 

•  The ladders and Si-sensors are from existing 
detector  

•  Upgrade readout system with new ladder cards on 
detector, RDO cards, and cooling system 
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Ladders	
   Ladder	
  Cards	
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Why	
  thickness	
  is	
  important	
  	
  

•  Ley	
  :	
  single	
  track	
  DCA	
  for	
  
thin	
  layer	
  (.32%X0)	
  and	
  
thick	
  layer.	
  

•  Right	
  :	
  consequences	
  of	
  the	
  	
  
layer’s	
  thickness	
  on	
  the	
  D0	
  
significance.	
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St.Odile September 7, 2011 

  

HFT 2013 

TPC 

FGT 2011 

STAR	
  Detectors	
  Fast	
  and	
  Full	
  azimuthal	
  parGcle	
  idenGficaGon	
  
 
EMC+EEMC+FMS 

(-­‐1	
  ≤	
  η	
  ≤	
  4) TOF 

DAQ1000 

MTD 2013 

47	
  



Modifications Needed for the 
SSD Upgrade 

48	
  

•  Use existing SSD silicon sensors 
•  Upgrade readout from 200 Hz to 1 kHz 
•  Improve reliability of sub-systems 
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Poin;ng	
  resolu;on	
  in	
  Z	
  

Points	
  :	
  full	
  GEANT	
  simula;on	
  :	
  detector	
  geometry+	
  STAR	
  tracking	
  

Line	
  	
  	
  	
  	
  :	
  hand	
  calcula;on	
  :	
  MCS	
  +	
  hit	
  resolu;on	
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Displaced	
  vertex	
  

•  Good	
  poin;ng	
  resolu;on	
  allows	
  to	
  separate	
  primary	
  event	
  vertex	
  
from	
  secondary	
  vertex	
  (Fig.	
  ley	
  :	
  mean	
  decay	
  vertex	
  of	
  Λc)	
  

•  Strategy	
  for	
  charmed	
  par;cle	
  reconstruc;on	
  :	
  use	
  of	
  topological	
  
cuts	
  to	
  remove	
  combinatorial	
  background	
  (Fig.	
  right	
  :	
  decay	
  of	
  D0)	
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ΛC reconstruction via K− + π
+ + p decays

The presented simulation analysis of ΛC reconstruction in Au+Au collisions uses 20k simulated central (roughly
0-10% most central) HIJING collisions, with 18 ΛC inserted in each event with flat pT. All simulated ΛC were forced
to decay in the most interesting hadronic channel ΛC → K− + π+ + p (B.R. 5.0%). The cτ for ΛC is only 59.9 µm,
which makes it a challenging measurement even with HFT. The simulation uses the most recent geometry of STAR
with HFT (so-called upgr15).

The reconstructed signal was rescaled to the realistic scenario, which is the power-law with 〈pT〉 = 1.0 GeV/c and
n = 11. The expect yield of ΛC per binary collision is dN/dy = 0.0004, which is 20% of the D0 yield measured by
STAR. A scenario of ΛC/D0 enhancement similar to the one of Λ/K was also considered. We also made a simple
rescaling for peripheral (60-80% most central) collisions, where signal was expected to follow RCP of charged hadrons
as measured by STAR and background tracks expected to scale with Npart.

Candidate triplets were constructed and several cuts were applied. The effort in cut tuning was to maximize signal
signicance S/

√
S + B. Triplet invariant mass was cut at 2−σ to maximize the significance. The analysis assumed 90%

efficiency of Time Of Flight (TOF) detector and its ability for K− π separation for pT < 1.6 GeV/c and (K + π)− p
separation for pT < 3.0 GeV/c. For lower pT bins of reconstructed ΛC (pT < 4 GeV/c, all daughter tracks were
required to be identified, while for pT > 4 GeV/c misidentified tracks were allowed into the analysis.

Distance of closest approach (DCA) of daughter tracks to reconstructed decay vertex was cut at 2σ, where σ is the
track DCA resolution (a function of track PID and pT). Two other cuts (cos θ and track DCA to primary vertex)
were automatically optimized to maximize significance. The cut optimization was performed separately for the cases
of central collisions, enhanced central collisions and peripheral collisions in 3 pT bins.

Figure 1 shows the ratio of RCP for ΛC and D0 from 500M central and 500M peripheral events (which may be taken
as 250M central-triggered and 2000M minimum-bias-triggered events). Note that the errors are statistical and errors
coming from D0 reconstruction can be neglected for it much bigger cτ , 2-particle decay mode and higher yield.
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FIG. 1: Estimated performance of HFT detector demonstrated at its ability to measure a possible ΛC/D0 enhancement
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Ds meson reconstruction via K+K−π decays

The proposed HFT will significantly extend the physics reach of the STAR experiment for precision measurement
of the yields and spectra of particles containing heavy quarks. This will be accomplished through topological identi-
fication of mesons and baryons containing charm or bottom quarks, such as the D0 and the Ds by reconstruction of
their displaced decay vertices with a precision of approximately 50 µm in p+p, d+A, and A+A collisions.

The enhancement of strangeness production in heavy ion collisions relative to that in p+p collisions at the same
energy were originally conceived to be a smoking gun of Quark Gluon Plasma (QGP) formation [1, 2]. However, the
strangeness enhancement in nuclear collisions relative to p+p could also be attributed to the canonical suppression
of strangeness production in p+p collisions [3]. The study of the coalescence of strangeness and heavy flavor will
provide a better understanding of strangeness enhancement in nuclear collisions. Ds is the lightest meson of such a
combination.

Ds can be reconstructed through their hadronic Ds → φ + π → K+ + K− + π (BR 2.18%), with a decay length
of cτ = 149.9µm. By selecting the well-reconstructed secondary vertice with a distance (> 100µm) to the event
primary vertex, a large portion of the background is rejected. A well-reconstructed Ds vertex requires the DCA
between daughter tracks < 100µm, the DCA between any daughter track and the Ds vertex < 100µm, and the
distance between any two secondary vertice of daughter pairs < 200µm. To select 3-track combinations coming from
Ds decays, a further topological cut is used: a Ds momentum pointing back to the primary vertex. Furthermore,
there is an extra constraint on the K+ + K− invariant mass (3σ around φ mass peak). This cut reduces the signal to
half, but reduces the background by a factor of a few hundred.

10K central Au+Au HIJING events have been used to estimate the combinatorial background. In order to enhance
statistics at high pT , 30 Ds with a power-law pT spectrum (with 〈pT 〉 = 1.0 GeV/c, and n = 11) have been embeded
into each event. The Ds were required to decay through the φ + π → K+K−π channel. The events were simulated
with a vertex position within ±5cm from the detector center. The expected Ds yield is 0.9 per event, which will yield
low signal significance.

The left panel of Fig. 1 shows the significance of the Ds reconstruction, and the right panel of Fig. 1 estimates
the statistical errors on the measured Ds invariant yield, based on 500M events. The significance increases with pT .
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FIG. 1: The simulation results of the Ds reconstruction from Ds → φ + π → K+ + K− + π decay channel.
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•   Hermetic/Full topological 
reconstruction of Charm 
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•   Bottom electrons via subtraction 
method 

•   Bottom trigger capabilities of MTD 
in progress 

•  Exclusive bottom reconstruction 
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Properties of D and B mesons 
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Update	
  on	
  D+	
  measurement	
  

•  Ley	
  :	
  decay	
  length	
  significance	
  =	
  decay	
  length	
  /error	
  
–  Real	
  decays	
  have	
  >0	
  significance,	
  background	
  have	
  <	
  0	
  decay	
  length	
  (i.e	
  the	
  secondary	
  

vertex	
  is	
  reconstructed	
  before	
  the	
  primary	
  vertex).	
  
•  Right	
  :	
  	
  

–  A.	
  :	
  invariant	
  mass	
  Kππ	
  before	
  a	
  cut	
  on	
  the	
  decay	
  length	
  significance	
  .	
  A	
  cut	
  based	
  on	
  
the	
  daughters	
  to	
  the	
  secondary	
  vertex	
  <	
  40	
  µm	
  removes	
  a	
  lot	
  of	
  background.	
  

–  B.	
  invariant	
  mass	
  Kππ	
  ayer	
  a	
  cut	
  on	
  the	
  decay	
  length	
  significance.	
  
→	
  Improvement	
  of	
  the	
  signal/noise	
  ra;o.	
  

A. B. 



  Physics of the Heavy Flavor 

  Tracker at STAR 
 

1) Direct HF hadron measurements (p+p and Au+Au) 
     (1) Heavy-quark cross sections: D0,±,*, DS, ΛC , B… 
     (2) Both spectra (RAA, RCP) and v2 in a wide pT region: 0.5 - 10 GeV/c 
     (3) Charm hadron correlation functions, heavy flavor jets 
     (4) Full spectrum of the heavy quark hadron decay electrons 
  

2) Physics 
     (1) Measure heavy-quark hadron v2, heavy-quark collectivity, to study the medium 
            properties e.g. light-quark thermalization              
     (2) Measure heavy-quark energy loss to study pQCD in hot/dense medium  

      e.g. energy loss mechanism  
     (3)  Measure di-leptons to study the direct radiation from the hot/dense medium 
     (4)  Analyze hadro-chemistry including heavy flavors 
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SSD Requirements on Dead time 

•  Dead-time as a 
function of random 
trigger rate 

–  Simulated 
performance with 
3% occupancy 

•  The SSD will have 
4 buffers as part of 
the firmware 

•  Multiple buffers 
hide the 
downstream DAQ 
from the dead-time 
of the system for 
randomly arriving 
triggers 
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CD-­‐4	
  
requirement	
  
<	
  10%	
  dead	
  
;me	
  at	
  500	
  Hz	
  


